The Urinary Excretion of 4-Aminoimidazole-5-Carboxamide in Anaemia * J. E. MIDDLETON DEPARTMENT OF CHEMICAL PATHOLOGY, GENERAL HOSPITAL, SOUTHAMPTON R. F. COWARD and P. SMITH BIOCHEMISTRY DEPARTMENT, R.A.F. INSTITUTE OF AVIATION MEDICINE, FARNBOROUGH 4-aminoimidazole-5-carboxamide (AIC) was first isolated by Stetten and Fox (1945) from sulphonamide-inhibited bacterial cultures. Tabor (1954) later described the intermediate role of AIC ribotide, and the requirement for folic acid as a formyl group donator for its conversion to 4-formamidoimidazole-5-carboxamide, in the synthesis ofthe purine ring in mammals. AIC was subsequently identified in human urine by Vilenkina (1956) and its excretion studied in normal subjects and in leukremia and other diseases by McGeer et al (196la, b) .
Recent interest by Middleton (1965) in the urinary excretion of imidazole derivatives after histidine dosage in patients with folic acid and/ or vitamin-Bj, deficiency, where formyl group donation is impaired, and the development of a method for the determination of AIC in urine by Smith and Coward (1965) , prompted the present study of its excretion in anremia.
Material and Methods 47 patients with FA-B u deficiency (Groups D. E. F) were investigated. This diagnosis was based primarily on serum folic-acid and vitamin-By, levels performed by Beavon (1963) , but was confirmed in many instances by FIGLU tests and 68CO Vitamin-By, absorption tests. 9 ansemic patients (Group C) with Hb <80% and normal serum folic-acid and vitamin-By, levels were studied as controls. The above were all fully investigated hrematologically and chemically. 16 non-anemic hospital patients (Group B) with a normal creatinine clearance, and 15normal subjects (Group A) served as additional controls. In addition 5 aneemic patients with carcinomatosis, 3 with leukeemia, and 4 with myelofibrosis were included. All those inves- tigated were adults. Urine from these subjects was collected either over 24 hours or 5 hours on the afternoon before a FIGLU test. Specimens were also collected for one hour in the morning before this test, and for 5 hours, between the 4th and 8th hours inclusive after histidine.
AIC in these urines was estimated by the method of Coward and Smith (1965) : after isolation of the amine by absorption on cationexchange resin (Dowex 50) at pH 3 followed by elution with aqueous pyridine, non-acetylatable diazotisable amines were determined colorimetrically after coupling with a-naphthylethylenediamine. The method appears normally to possess adequate specificity, but large quantities of drugs, if present, e.g, sulphonamide, may escape complete acetylation and give rise to erroneously high results. Patients receiving such drugs were not included in this investigation.
AIC excretion has been expressed as ug.jmg. creatinine (standard AutoAnalyser method) in order to minimize any errors in the timing of the urine collections. The excretion in ug.jmin. is also recorded. Results Table I summarises the AIC excretion found in the 24 hour or 5 hour pre-histidine urine in the various groups. There was no significant difference between groups Band C. Groups D, E and F also did not differ from each other. On the other hand groups D, E and F each had a significant increase in AIC excretion when compared with the control group B, the significance levels being 0,05, 0·01 and 0·001 respectively. In groups D and E the urinary .The anre!O~c controls (Group C) were patients with c~romc. Iron deficiency (4 patients) resulting from intestinal blood loss or menorrhagia heemolytic aneernia due to dapsone and con: genita~sphero~ytosis (1 each), and hypoplastic aneerma resulting from unemia (2 cases) and miliary tuberculosis (1 case).
The non~anremic hospital patients (Group B) had essential hypertension, renal calculi mild epsis, pre-eclamptic toxemia and psych~matic Illnesses. Their serum folic-acid and vitamin-B levels were not estimated but no reason eXistelJ to suggest that they were abnormal.
The findings in the patients with carcinomatosis, leukeemia, or myelofibrosis are not included in the Tables. The carcinomatosis resulted from a primary tumour of the breast prostate, stomach, or bronchus. The Ale excretion in these patients ranged from 2·6 to 3·6 ug.jmg. creatinine. Three had evidence of FA-B 12 deficiency but two had normal serum folic-acid ll:nd vitamin-Bj, levels. One patient WIth chrome lymphatic leukrernia had an AIC excretion of 2·7 ug.jrng. creatinine while it was normal in a second case and in one with chronic myeloid Ieuksernia; all had normal serum FA-B le,vels. The myelofibrosis was diagnosed by rib bIOPSY; the AIC excretion of these patients All the above patients, who were tested, had ranged from 0·6-1·3 ug.jrng. creatinine. Serum evidence of abnormal histidine metabolism in folic-acid and vitamin-By, levels were not deterthe FIGLU test. Five of the patients taking an mined, but 3 of the 4 had abnormal FIGLU inadequate diet or with malabsorption, whose tests. One had a serum uric acid of 7·8 mg / AIC excretion was within the normal range, were 100 ml. and gout. None of these additional TABLE III AIC excretion was usually found to be higher when the serum folic-acid or vitamin-Bj , level was lower.
In the group considered to have an abnormally high demand for the heematinics, the sepsis was bacterial in all cases, and acute or acute on chronic; an inadequate diet may also have played a part in some cases. The serum FA-B 12 levels were estimated when not receiving antibiotics. The iron-deficient subjects here all had a typical peripheral blood picture, free gastric acid, normal stool fat, low serum iron, and normoblastic erythropoiesis. The anarnia was the result of chronic intestinal blood loss, it responded completely to iron therapy alone, and when cured the serum vitamin-Bjj level had returned to normal. The patients with acute hsemorrhage had bleeding peptic ulcers. Of the patients with hypoplastic ai.zemia, in two the cause was not determined, a third had received butazolidine and the fourth had chronic nephritis and unemia. Table II details the causes of the deficiency in groups D, E and F. Inadequate diet resulted from choice (3 patients) and dysphagia, due to an aortic aneurism, and achalasia (1 each). The steatorrhoea was idiopathic in all cases, with a freeal fat excretion of more than 6 g./day. The patients with pernicious aneemia had a histamine fast achlorhydria and an abnormally low aBCo vitamin-By, absorption. patients were being treated at the time of testing. Table III shows the effect of the oral histidine load in the FIGLU test on AIC excretion. In the controls it was significantly lower in period 2 than in either periods I or 3, (P=O'OI in each case), while the latter 2 periods were not significantly different from each other. In the II FA-BiZ deficient patients where urine was available for all three periods a progressive fall in excretion in the periods was observed, but the differences were not statistically significant. However, in a total of 26 patients where urine from periods 2 and 3 only were available excretion in the last period was significantly lower (P=0·02). Discussion The AIC excretion found in the normal subjects and non FA-BiZ deficient patients in this study is very similar to that reported for normals by both McGeer et al (1961a) and Luhby and Cooperman (1962) .
The results show that folic-acid deficiency alone in man can produce an abnormally high urinary excretion of AIC, and that this is not the effect of ansemia per se. Herbert et al (1964a) have recently reported similar findings in a smaller number of subjects. This is consistent with the known role of folic acid in the formylation of AIC. Since a number of observations indicate that vitamin-Bj, is necessary for the normal activity of folic acid, the similar findings in vitamin-Bj , deficiency alone are also not unexpected. Luhby and Cooperman (1962) , however, have interpreted their observations on AIC excretion in FA-BiZ deficiency as indicating that deficiency of vitamin-Bj, alone specifically results in increased AIC excretion, which is not present in pure folic-acid deficiency. Critical examination of their findings by Middleton et al (1964) , coupled with the results reported here, make this most unlikely. Luhby and Cooperman (1962) have shown that the abnormally high AIC excretion in vitamin-By, deficiency returns to normal after treatment with vitamin-Bu. Three patients, not recorded in the Tables, with a previous known FA-B u deficiency had normal levels after treatment. They were not tested when deficient.
An abnormally high excretion of AIC was found to be present more often in the FA-B u deficient patients who had an inadequate intake or malabsorption, when megaloblastic erythropoeisis was frequent, than in those with an increased demand, where erythropoeisis was normoblastic. AIC excretion was also related to the serum folic-acid and vitamin-Bj , level. It may be assumed that the deficiency was greater, with depletion of body stores, in the former than in the latter, and these findings agree with those of Herbert (1962) that in experimental folic-acid deficiency in man the serum level falls below normal some weeks before hsematological evidence of it is apparent. It would appear, therefore, that an increased excretion of AIC is more likely to occur when body stores of the heematinics have become depleted, and that, in consequence, it is not as sensitive an index of FA-BiZ deficiency as the serum levels. Correlation with the FIGLU test was also not complete in some instances.
McGeer et al (1961b) observed an increased AIC excretion in leukemia and also found that such patients excreted a lower proportion of orally administered AIC than normal controls. From this it was suggested that an increased turnover in purine synthesis existed in such patients. The high levels of AIC excretion in the patients with leukemia and carcinomatosis reported here, where there was no evidence of FA-B 12 deficiency, also indicates that mechanisma other than such deficiency may be responsible in some cases.
The lower level of AIC excretion observed in the morning in normals and non-deficient subjects is thought to be the result of a normal diurnal variation in excretion. The fall in excretion in the afternoon in FA-B u deficient patients after histidine was originally considered to be due to more efficient formylation of AIC as a result of the availability of an increased number of 'onecarbon' units provided by histidine. This, however, would imply that purine synthesis is suppressed in FA-B u deficiency, whereas the opposite has been reported to be the case by Herbert et al (1964b) on the basis of an abnormally low urinary recovery of orally administered AIC in such patients. The interpretation of AIC excretion, however, may be complicated by the possibility that it can be a product of purine degradation. If such a pathway were demonstrated in man, and inhibited by histidine, as has been shown by Martin (1963) to occur in microorganisms, the findings could be explained on this basis. It is interesting to note in this context that hrematological remissions in FA-B 12 deficient patients have been found by Rundles and Brewer (1958) and Chanarin (1963) to occur after histidine dosage.
Serum Cholesterol Levels during Long-Term Treatment with Phenindione R. D. EASTHAM
DEPARTMENT OF PATHOLOGY, FRENCHAY HOSPITAL, BRISTOL
Introduction: During a study of adhesive and non-adhesive platelets in patients on continuous long-term anticoagulant therapy with phenindione (Eastham, 1964) blood samples were taken every 3--4 weeks from each patient for over one year and the serum cholesterol levels were estimated. Seasonal changes have been reported by Thompson and Knight (1963) who found that in men the Basal Metabolic Rate, and the serum protein-bound iodine and cholesterol levels were all lower in summer than in winter.
In this present study both seasonal changes and the possible effects of prolonged phenindione therapy are considered.
Methods and materials: 42 male patients between the ages of 45 and 75 years were studied. They were on long-term treatment with phenindione for the following diseases:-(0) 34 patients following cardiac infarction. The investigation was started from 6 weeks to 3 years from the initial attack (average 14 months). 16 of these patients suffered from angina of effort. Serum total cholesterol was estimated by the method of Bowman and Wolf(1962); this method using a modified Zak cholesterol reaction, substitutes ethanol for glacial acetic acid, and it is claimed to give a more specific reaction for cholesterol, with increased sensitivity and stability of colour reaction. Duplicate determinations on 14 abnormal sera gave an overall mean value of 307'04± 1·52 mg./IOO ml. compared with an equivalent overall mean value of 302'21±H9 mg./IOO ml. using the Sperry-Webb method. All blood samples were taken on the same day of each week (Tuesday) between 9 and 11 a.m. Page and Moinuddin (1962) found that serum cholesterol levels taken I-hourly during the day, normal meals being eaten, varied by less than ±10% from the daily mean value. Boyd (1964) states that the endogenous synthesis ofcholesterol is more than twice the exogenous cholesterol absorbed from the diet. Thus, it was felt that dietary effects related to differences in type and time of eating breakfast would not be very great.
Results: 33 of the 42 patients had a falling serum cholesterol level over the year, whilst 9 patients showed an increase in the level. The decision on whether a given patient's serum cholesterol level was rising or falling was based on the sign of the linear component of a third degree polynomial fitted to the ohservations on that patient. The decrease in serum cholesterol level found, was statistically significant at the P=0·05 level. Three patients had a further attack of cardiac infarction, and two of these patients died during the attack. The surviving patient was one of the nine patients with a rising serum cholesterol level.
No significant relationship was found between the serum cholesterol level and the adhesive
